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Flavor Changing Neutral Current decays of the top quark within the strict
context of the Standard Model are known to be extremely rare. In fact,
they are hopelessly undetectable at the Tevatron, LHC and LC in any of
their scheduled upgradings. Therefore, if a few of these events eventually
show up in the future we will have certainly discovered new physics. We
argue that this could well be the case for the LHC and the LC both within
the Minimal Supersymmetric Standard Model (MSSM) and in a general
two-Higgs-doublet model (2HDM), especially if we look for FCNC top
quark decays into Higgs bosons.
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1 Introduction
At the tree-level there are no Flavor Changing Neutral Current (FCNC) processes
in the Standard Model (SM), and at one-loop they are induced by charged-current
interactions, which are GIM-suppressed. In particular, FCNC decays of the top quark
into gauge bosons (t ! c V ; V  γ; Z; g) are very unlikely (BR(t ! c γ; Z)  10−13
and BR(t ! c g)  10−11) [?]. These are much smaller than the FCNC rates of a
typical low-energy meson decay, e.g. B(b ! s γ)  10−4. The reason is simple: for
FCNC top quark decays in the SM, the loop amplitudes are controlled by down-type
quarks, mainly by the bottom quark. Therefore, the scale of the loop amplitudes is
set by m2b and the partial widths are of order






where  is em for V = γ; Z and s for V = g. The factor F  (1−m2V =m2t )2 results,
upon neglecting mc, from phase space and polarization sums. The fourth power mass
ratio, in parenthesis in eq. (1), stems from the GIM mechanism and is responsible
for the ultralarge suppression beyond naive expectations based on pure dimensional
analysis, power counting and CKM matrix elements. From that simple formula, the
approximate orders of magnitude mentioned above ensue immediately.
Even more dramatic is the situation with the top quark decay into the SM Higgs
boson, t ! c HSM : BR(t ! c HSM)  10−13 − 10−15 (mt = 175 GeV ; MZ  MH 
2 MW ) [?]. This extremely tiny rate is far out of the range to be covered by any
presently conceivable high luminosity machine. On the other hand, the highest FCNC
top quark rate in the SM, namely that of the gluon channel t ! c g, is still 6 orders
of magnitude below the feasible experimental possibilities at the LHC. All in all the
detection of FCNC decays of the top quark at visible levels (viz. BR(t ! c X) >
10−5) by the high luminosity colliders round the corner seems doomed to failure in
the absence of new physics. Unfortunately, although the FCNC decay modes into
electroweak gauge bosons Vew = γ; Z may be enhanced a few orders of magnitude,
it proves to be insucient to raise the meager SM rates mentioned before up to
detectable limits, and this is true both in the 2HDM { where BR(t ! Vew c) < 10−6 [?]
{ and in the MSSM { where BR(t ! Vew c) < 10−7 [?]. In this respect it is a lucky fact
that these bad news need not to apply to the gluon channel, which could be barely
visible (BR(t ! g c) < 10−5) both in the MSSM [?,?] and in the general 2HDM [?].
But, most signicant of all, they may not apply to the non-SM Higgs boson channels
t ! (h0; H0; A0) + c either. As we shall show, these Higgs decay channels of the top
quark could lie above the visible threshold for a parameter choice made in perfectly
sound regions of parameter space.
A systematic discussion of these \gifted" Higgs channels has been made in Ref. [?]
for the MSSM and more recently in Ref. [?] for the general 2HDM. Here we will
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present the results in the 2HDM and the MSSM, and make a close comparison between
them. We believe that this study is necessary, not only to assess what are the chances
to see traces of new physics in the new colliders but also to clear up the nature of the
virtual eects; in particular to disentangle whether the origin of the hypothetically
detected FCNC decays of the top quark is ultimately triggered by SUSY or by some
alternative renormalizable extension of the SM such as the 2HDM or generalizations
thereof. Of course the alleged signs of new physics could be searched for directly
through particle tagging, if the new particles were not too heavy. However, even if
accessible, the corresponding signatures could be far from transparent. In contrast,
the indirect approach based on the FCNC processes has the advantage that one deals
all the time with the dynamics of the top quark. Thus by studying potentially new
features beyond the well-known SM properties of this quark one can hopefully uncover
the existence of the underlying new interactions [?].
2 Relevant fields and interactions
We will mainly focus our interest on the loop induced FCNC decays
t ! c h (h = h0; H0; A0) ; (2)
in which any of the three possible neutral Higgs bosons from a general 2HDM can be
in the nal state. However, as a reference we shall compare throughout our analysis
the Higgs channels with the more conventional gluon channel t ! c g.
Although other quarks could participate in the nal state of these processes, their
contribution is negligible. The lowest order diagrams entering these decays are one-
loop diagrams in which Higgs, quarks, gauge and Goldstone bosons { in the Feynman
gauge { circulate around. In the MSSM also the SUSY-parters of the above elds,
namely squarks and charginos, circulate in the loops. In addition there exists the
possibility that the squark-squared-mass-matrix is not simultaneously diagonal to
the quark-mass-matrix. In this latter case there exist tree-level FCNC couplings in
the interactions quark-squark-gluino and quark-squark-neutralino. This possibility
is not unnatural. If one computes the evolution of the squark-squared-mass-matrix
using the Renormalization Group Equations, assuming alignment at a certain scale
(e.g. a supposed Unication Scale), one nds that non-diagonal terms for the squark-
left{squark-left entries are generated [?]. We have computed the MSSM decay widths
under two dierent approximations: in the rst one we assume alignment, and the
only induced FCNC are generated through the charged sector of the model with the
same mixing matrix as in the SM { the CKM-matrix; in the second approach we
give up the alignment hypothesis, and assume a free { though restricted by experi-
ment [?]{ squark-mass-matrix and compute the SUSY-QCD induced FCNC partial
decay widths, which are the leading ones under this approximation.
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Here we follow the standard notation [?], namely h0; H0 are CP-even Higgs bosons
and A0 is a CP-odd one. When the quark mass matrices are diagonalized in non-
minimal extensions of the Higgs sector of the SM, the Yukawa couplings do not in
general become simultaneously diagonalized, so that one would expect Higgs mediated
FCNC’s at the tree-level. These are of course unwanted, since they would lead to large
FCNC processes in light quark phenomenology, which are stringently restricted by
experiment. One has two canonical choices to get rid of them, called Type I 2HDM
and Type II 2HDM [?]. The Higgs sector of the MSSM is that of a Type II 2HDM,
with restrictions between the parameters due to the SUSY constraints.
When analyzing the 2HDM I, II cases we will use the following set of free param-
eters:
(mh0; mH0 ; mA0 ; mH±; tan; tan) ; (3)
where mH± is the mass of the charged Higgs companions H
, tan  denes the mixing
angle  in the diagonalization of the CP-even sector, and tan  gives the mixing angle
 in the CP-odd sector. The latter is a key parameter in our analysis. It is given by
the quotient of the vacuum expectation values (VEV’s) of the two Higgs doublets 2,1,
viz. tan = v2=v1 [?]. The most general (Type I or Type II) 2HDM Higgs potential
subject to hermiticity, SU(2)U(1) and gauge invariance involves six scalar operators
with six free (real) coecients i (i = 1; :::; 6) and the two VEV’s [?]. We will further-
more assume that 5 = 6 in the general 2HDM Higgs potential [?]. The alternative
set (3) is just a (more physical) reformulation of this fact after diagonalization of the
mass matrices and imposing the aforementioned set of constraints. The constraints
imposed by SUSY reduce the number of free parameters in eq. (3) to two, which we
take to be (mA0 ; tan), since the radiative corrections to the rest of parameters (3)
are large we make use of the one-loop expressions to compute them [?]1.
The two canonical types of 2HDM’s only dier in the couplings to fermions but
they share the rest of Feynman rules. Of particular relevance are the rules for the
trilinear Higgs vertices in the 2HDM case, which depend on the Higgs boson mass
dierences and can be enhanced for large and small tan  { see Ref. [?]. In the
MSSM, however, the mass dierences are correlated and one can further simplify
their form to a combination of trigonometric functions of  and , using the relations
between the parameters (3) { see Ref. [?]. We refrain from giving here the interaction
Lagrangian [?,?,?,?].
Both in the generic 2HDM II and in the MSSM, the Feynman rules for the lightest
CP-even Higgs, h0, go over to the SM Higgs boson ones in the limit sin( − )! 1.
In the particular case of the MSSM, this limit is equivalent to mA0 !1. Moreover,
in the MSSM one has mh0 < 135 GeV [?] whereas in the general Type II model there
1The two-loop corrections to the Higgs sector of the MSSM have also recently become available [?].
Their effect, however, cannot significantly modify our one-loop results.
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